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UNITED STATES PATENT OFFICE 
2,409,024 

SEATURBINE CONTROL SECHANISM 

Erederick L. Dornbrook, Milwaukee, Wis., assign 
or to Wisconsin Electric Power Company, Mil 
waukee, Wis., a corporation of Wisconsin 

Application November 15, 1944, serial No. 563,584 
Clainas. (C. 60-95) 

The invention relates to steam turbines and 
Iihore particularly to control mechanism for the 
turbine. 
Stean turbine condensing units are provided 

With an energency overspeed governor which 
closes automatically all main steam connections 
to the turbine unit, to prevent overspeeding and 
resultant damage from excessively high cen- . 
trifugal forces when the load drops suddenly. 
The Steam exhausted from a turbine is usually 

CO2ndensed in a surface Conde!)ser by Water cir 
culated through the tubes of the condenser, thus 
Created a vacuun on the blading of the turbine 
which produces an additional pull on the blad 
ing and wheels of the turbine unit and assists 
in revolving the spindle. It has been found that 
the vacuum in the condenser can assist in over 
Speeding the spindle when the load on the turbine 
drops Suddenly even though the emergency over 
Speed governor has closed all main steam con 
nections to the turbine, and therefore, the imme 
diate and automatic breaking of the vacuum is 
advisable to supplement the closing of the main 
Steam connections to reduce the speed of the 
turbine. 

It sometimes happens that one or more of the 
inlet valves or the throttle valve of a turbine leaks 
admitting uncontrolled steam into the turbine, 
and if this leakage is enough to cause the turbine 
to overspeed, the reducing of the speed of the 
turbine by the automatic breaker valve embodying 
this invention will prevent damage to the turbine 
through leaky valves. Furthermore, should the 
inlet valves or the throttle valve of the turbine 
fail, so that the emergency overspeed governor is 
operated, and consequently the vacuum breaker 
Valve is operated, this action will prevent the 
turbine from overspeeding. 
In the past hand operated vacuum breakers 

have been used but have proven unsatisfactory 
because of slow action and the human factor in 
volved. At best, the hand operated vacuum 
breaker answers the purpose only to control the 
temperatures, and when shutting the turbine 
down, but in case of an overspeed, even if a man 
Were at the valve, the time required for him to 
Open it would be too slow to produce the braking 
effect necessary to retard the speed. 
The object of the present invention is to utilize 

a portion of the overspeed energy of the rotating 
and accelerating turbine spindle to automatically 
CauSe the operation of a means to retard the rota 
tion of the spindle. More particularly, according 
to the present invention, the overspeed energy 
of the rotating and accelerating turbine spindle 
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is used to automatically cause the opening of the 
vacuum breaker valve and thus retard the rota 
tion of the spindle. 
A further object is to utilize a portion of the 

OverSpeed energy of the rotating and accelerat 
ing turbine Spindle to automatically cause the 
operation of the Vacuum breaker valve and admit 
air into the condenser and thus retard the rota 
tion of the spindle. 
A further object of the invention is to provide 

an arrangement for breaking the condenser 
vacuum automatically whenever the emergency 
OverSpeed governor of the turbine operates by the 
opening of a vacuum breaker valve which admits 
air to the condenser and retards the rotation of 
the spindle preventing overspeeding and reducing 
the tirine required to stop or reduce the rotation. 
A further object of the invention is to provide 

a new and improved arrangement for closing the 
condenser vacuum breaker valve automatically 
and immediately after the emergency overspeed 
governor mechanism is re-set by hand to re 
store normal operation of the turbine. 
A further object of the invention is to provide 

a new and improved arrangement for closing a 
condenser vacuum breaker valve automatically 
and immediately after the oil pressure in the 
turbine's oil governor system is restored to nor 
ma. 
The invention further consists in the several 

features hereinafter set forth and more particu 
larly defined by claims at the conclusion hereof. 

In the drawings: 
Fig. 1 is an elevational view of an automatic 

condenser vacuum breaker mechanism for a 
Steam turbine embodying the invention; 

Fig. 2 is a view similar to Fig. 1 on an enlarged 
Scale With parts of the mechanism shown in Sec 
tion and parts of the turbine being broken away; 

Fig. 3 is a side elevational view of parts of the 
mechanism shown in Fig. 2; 

Fig. 4 is a view generally similar to Fig.2 show 
ing certain modifications; 

Fig. 5 is a view similar to Fig. 2 showing an 
other modification. 
In all the drawings the numeral designates 

the steam turbine unit, f the turbine rotor, 2 
the condenser for the turbine, 3 the emergency 
overspeed governor, and f4 a vacuum breaker 
Valve mounted and connected to the exhaust, 
hood of the condenser. 
The operational features of present day tur 

bine emergency overspeed governor trip action 
devices are as follows: When the turbine shaft 
overspeeds, due to loss of load on the turbine or 
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from any other cause, the revolving weights of 
the emergency overspeed trip action governor ab 
Sorb additional energy until they finally Overcome 
the action of the governor spring and through a 
system of mechanical levers and connecting links 
operate a trip sleeve (not shown herein) on the 
steam throttle valve of the turbine. This action 
releases a spring which closes the throttle Valve 
and cuts off the steam supply instantaneously. 
Despite this safeguard, the turbine may still Over 
speed because of expansive force and energy Con 
tained in the steam still entrained in the tur 
bine itself, and which may accelerate the spindle 
quickly especially when this steam is expanded 
into a high vacuum. Because of this tendency 
with a turbine using a condenser especially op 
erating at high vacuums to overspeed even though 
the overspeed governor has operated, it has been 
found necessary to provide means for reducing 
the vacuum in the condenser and, as previously 
noted, such devices have been in the form of a 
hand controlled vacuum breaker valve which be 
cause of the human factor has not proven to be 
Satisfactory. This invention utilizes the force 
produced by the emergency overspeed governor 
WeightS when these weights are subjected to an 
accelerated rotary motion to automatically op 
erate the vacuum breaker valve to admit atmos 
pheric air into the condenser of the turbine, 
thereby destroying the vacuum and reducing the 
energy that is available in the remaining steam 
to cause overspeeding of the turbine wheels after 
the emergency governor has operated and also 
introducing atmospheric air to produce a brak 
ing effect on the turbine blading and thus reduces 
the time required to reduce or stop the rotation 
of the Spindle. 

In FigS. 1 to 3 one form of the invention has 
been shown, and certain modifications of the 
control mechanism have been shown in Figs. 4 
and 5. 

Referring to Figs. 1 to 3, the overspeed gover 
nor 3 includes the usual centrifugally operable 
pivoted Weights 5 which are mounted to rotate 
With the turbine spindle or rotor and act on 
a collar f6 mounted on a plunger or shaft. 7. 
Resistance to movement of this shaft T by the 
Weights is effected by a spring 8 interposed be 
tween the end of a supporting sleeve 9 and a 
collar 20 on the inner end of said shaft T. The 
outer end 2 of the plunger IT engages a trip 
hook 22 pivotally mounted at 23 on the turbine 
housing and normally engaged with a trip gear 
rod or stem 24 slidably mounted in a guide 25. 
The rod 24 has a link 26 pivotally connected to 
its lower end and carrying a weight 27. The 
control for the opening of the main throttle valve 
of the turbine which acts to close this valve (not 
shown herein) to shut off all steam connections 
to the turbine in the event of overspeeding is 
Operatively connected to the trip gear rod 24 
by a bell crank lever 28 operatively connected 
to the weight 27 at one end and at its other end 
to a link 29 for the throttle valve control mech 
anism. Thus if the turbine overspeeds, the gov 
ernor acting on the plunger T moves the same 
outwardly to force the hook or latch 22 out of 
engagement with trip rod 24, thus permitting the 
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rod to move downwardly and allowing the weight 
27 to move said rod downwardly to turn the le 
ver 28 and operate its connections. With the throt 
tle valve to permit said valve to close and thus 
shut off the supply of steam to the turbine. The 
governor above described is used in connection 
With all forms of the invention shown. 
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4. 
The vacuum breaker valve 4 includes a Valve 

member 30 normally seating on a Seat 3 at 
the end of a pipe 32 connecting With the exhaust 
hood for the condenser 2. The valve 30 is mount 
ed in a housing 33 having Screened atmospheric 
air inlets 34. The stem 35 of the Wave is slid 
ably guided in the housing 33 and carries a pis 
ton 36 slidably mounted in a cylinder 37 mount 
ed on the housing. The cylinder 37 communi 
cates with the atmosphere at its lower end 
through openings 38 and at its upper end with 
a pipe 39 that may be connected either to vac 
uum space of the condenser 2 or to atmosphere. 
When the upper end of the cylinder 37 is con 
nected to the atmosphere, the pressure of the air 
acts on the top of the pistOn 36 which, together 
with the weight of the piston, valve stem, and 
valve head closes the valve 30, thus preventing 
the flow of air to the condenser, and under these 
conditions the valve is held tightly to its seat 
by the vacuum existing in the condenser. When 
the upper end of the cylinder 37 is connected 
to the vacuum space of the condenser, the valve 
30 is lifted off its seat or opened through the 
differential pressure action between the vacuum 
uplift at the top of the piston and the vacuum 
down pull below the valve seat, the area of the 
piston being larger than the seat area so that 
the resultant vacuum pressure on the top of the 
piston is Sufficient to overcome the vacuum down 
pull and Weight of the valve and its parts. Open 
ing of the Valve 30 connects the turbine with the 
atmosphere and breaks the vacuum therein so as 
to prevent its effecting overspeeding and allows 
their air to enter the turbine and act as a brake 
on the turbine blades. The valve 30 when once 
opened remains open so long as any vacuum exists 
in the condenser and is used in connection with 
all forms Of the invention shown. 
As a means for controlling the operation of the 

Vacuum breaker valve, I show in Figs. 1 to 3 
a rotary valve 40 having valve passages 4 
therein to connect the pipe 39 either with a pipe 
42 Open to atmosphere through a screened inlet 
42 or with a pipe 43 connecting said valve with 
the exhaust conduit 44 leading from the con 
denser 2 and subject to vacuum conditions in 
the condenser, this conduit having the usual at 
nospheric relief valve beyond the pipe. 43 and 
indicated on the drawings. The valve 40 is pro 
vided with an operating lever or handle 45 pro 
vided with a weight 46 which normally acts to 
turn the Valve to the dotted line position shown 
in Fig. 2 to establish communication between the 
pipes 39 and 43 to open the valve 30 but which 
is held in the position shown in Fig. 2 to connect 
the pipe 39 with the atmospheric inlet pipe 42 by 
a pivoted latch lever 4. The latch lever 4 has 
a handle 48 adapting it for manual operation 
and trip finger portion 49 adapted to be struck 
by a trip member 50 mounted on the trip rod 24. 
Thus when the emergency governor releases 
the trip rod 24 and the weight 27 moves this rod 
down to the dotted line position shown in Fig. 2 
to cause a closing of the throttle valve of the 
turbine, the trip 50 strikes the latch lever 47 and 
releases it from the valve handle 45 allowing the 
weight 46 to turn the valve to a position in which 
the vacuum breaker valve 30 is opened, thus re 
lieving the vacuum in the condenser and allow 
ing atmospheric air to enter the exhaust side of 
the turbine and produce a back pressure acting 
to stop or slow down the turbine. The trip rod 
24 has a handle 5, so that it may be readily 
re-set manually, and both the valve lever 45 and 
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the trip lever 47 are provided with handles, as 
noted above, for manually re-setting and operat 
ing the valve trip mechanism when desired. 

Fig. 3 shows the position of the handles for 
the valve trip mechanism and the overspeed goV 
ernor trip. It will be noted from the above that 
the operator may use his left hand to engage the 
handle 5 to re-set the overspeed governor inde 
pendent of the closing of the vacuum breaker 
valve and use his right hand for operation of the 
handle 5 to close the vacuum breaker valve in 
dependently, and that he may use both hands for 
re-setting the OverSpeed governor and closing the 
vacuum breaker valve, and that he may manually 
open the vacuum breaker valve by the manual 
release of the latch lever 4 from the valve 
lever 45. 

Instead of using a trip mechanism between the 
control valve and the trip rod. I may, as shown 
in Fig. 4, connect the valve lever 45 of said valve 
through a link. 52 directly with the Overspeed gov 
ernor mechanism with the result that when the 
overspeed governor operates to release the trip 
rod 24, the downward movement of this rod by 
the weight 2 will through the link 52 swing the 
lever 45 to move the valve 40 from the open-to 
atmosphere condition to the open-to-vacuum 
condition and thus cause an opening of the vac 
uum breaker valve 30. In this form of the in 
vention there is an instantaneous and automatic 
opening of the vacuum breaker valve and an in 
stantaneous and automatic closing of this Valve 
when the trip rod 24 is restored, usually manu 
ally, to operating position. This form of the 
invention is particularly desirable when the over 
speed governor device has been tripped out ac 
cidentally or unintentionally and an immediate 
and automatic closing of the vacuum breaker 
Valve is required. 

Instead of operating the control valve 40 di 
rectly by the trip rod 24, the arrangement shown 
in Fig. 5 may be used in which the trip rod struc 
ture is connected by a link 53 with the operating 
lever 54 of a by-pass valve 55 in oil pressure sys 
tem for the turbine. 

Oil pressure is usually utilized in assisting the 
main speed regulating governor in controlling 
the speed of the turbine by opening or closing 
the steam inlet Valves. This oil pressure, during 
normal Operation, is kept at a given pressure by 
a hydraulic pump geared to the turbine shaft or 
other means of supplying oil pressure. 
As shown in Fig. 5, the turbine shaft has a 

gear 56 meshing with a gear 57 on a pump drive 
shaft 58 which operates the hydraulic pump 59 
that supplies the hydraulic fluid to the pressure 
line 6, the oil or fluid being taken from a stor 
age tank 6. The pressure line 6) is connected 
by pipes 62 and 63 with the housing 64 of the 
valve 55 which also connects by a pipe 65 With 
the storage tank 6. When the turbine is oper 
ating normally, the valve 55 cuts off communica 
tion between the pipes 63 and 65 so that the oil 
is free to flow under pressure through the pipe 60 
to the parts of the turbine which it controls and 
to the turbine lubricating system. The dropping 
of the trip gear rod 24 through the action of the 
overspeed governor Will, however, through the 
main connection 53 turn the valve 55 to a posi 
tion to establish Communication between the 
pipes 63 and 65, thereby by-passing the high 
pressure oil from the pipe 6 back to the storage 
tank 61, thus releasing the pressure in the line 
60 and causing the closing of the steam inlet 
valves mentioned above. At the same time this 

6 
release of the oil pressure is used to operate the 
valve 48 controlling the vacuum breaker valve 
and is effected, as follows: The pipe 62 leads to a hydraulic cylinder 66 in 

5 which a piston 67 is free to reciprocate and be 
moved by fluctuations of oil pressure in said cyl 
inder. The rod 68 of said piston extends through 
the top cover of the cylinder 68 and carries a 
roller 69 engageable with a part 70 of the valve 
lever 45. Under normal conditions where the 
lubricating pump 59 is supplying pressure to the 
discharge line 68, this oil pressure acting in the 
cylinder 66 will move and hold the piston 67. 
in the upper full line position shown in the draw 
ings, and in this position the valve lever 45 will 
be in the open-to-atmosphere condition so that 
the vacuum breaker valve, as previously noted, is 
in its closed position. If under these conditions 
the trip rod 24 is released by the overspeed gov 
ernor So as to cause the opening of the by-pass 
valve 55, the discharge line 6 is then connected 
to the storage tank 6 f and the pressure drops 
in the cylinder 66 so that the weight of the pis 
ton 87 plus therweight of the valve lever 45 will 
move the valve 40 to an open-to-vacuum condi 
tion and thus cause the opening of the vacuum 
breaker valve 30. Also with this modification in 
case for any reason the pressure of the oil in the 
pipe 68 drops below a pressure sufficient to main 
tain the piston 67 in its upper position, the pis 
ton will descend through the action of its weight 
and that of the lever 45 and thus move the valve 
'49 to Open-to-Vacuum condition. So as to cause 
the opening of the vacuum breaker valve 30. As 
soon as the pressure of the oil in the pipe 6 is 
restored, it will move the piston 67 to its upper 
position and consequently move the valve lever 
45 to position in which the valve is in an open 
to-atmosphere condition to close the breaker 
valve 39. With this form of the invention it will 
be noted that there is an instantaneous and all 
to:matic opening of the vacuum breaker valve in 
the event, the overspeed governor releases the 
trip rod 24 and that there is an instantaneous 
and automatic closing of said valve When the 
trip rod is restored, usually manually, to oper 
atting position. 

It Will be noted from the above that the open 
ing of the vacuum breaker valve to admit at 
mospheric air with its braking effect on the tur 
bine produces a back pressure in the exhaust end 
of the turbine and provides a means for retard 
ing the rotation of the turbine rotor and that 
this means is instantaneously put into operation 

55 through the action of the overspeed emergency 
governor which by its operation utilizes a por 
tion of the overspeed energy of the rotating and 
accelerating turbine spindle. 
I desire it to be understood that this invention 

60 is not to be limited to any particular form or 
arrangement of parts except in so far as such 
limitations are included in the clans. 
What I claim as my invention is: 
1. In a steam turbine having a rotor, a COn 

denser, and a vacuum breaker valve for said 
condenser, the combination of an OverSpeed goV 
ernor for said turbine, fluid pressure operated 
means to open said breaker valve to reduce the 

70 speed of the turbine, a control valve for said 
fluid pressure operated means, and a trip out 
mechanism controlled by said overSpeed governor 
for controlling said control valve, and manually 
operable means for separately restoring said trip 

75 out mechanism and Said control valve opening 
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means to a position to restore the normal Oper 
ation of the turbine. 

2. In a steam turbine having a rotor, a con 
denser, and a vacuum breaker valve for said 
condenser, the combination of an overspeed gov 
ernor for said turbine, fluid pressure operated 
means to open said breaker valve through the 
vacuum of the condenser to reduce the Speed of 
the turbine and to close said valve on the release 
of vacuum, a control valve for said valve operat 
ing means, and means controlled by Said Over 
speed governor for moving said control valve to 
breaker valve opening position. 

3. In a steam turbine having a rotol, a con 
denser, and a vacuum breaker valve, the combin 
ation of fluid pressure operated means for Oper 
ating said valve including a cylinder and a pis 
ton in said cylinder operated by differential pres 
sure between atmosphere and vacuum in the con 
denser, a control valve for connecting Said cylin 
der with the condenser to open said breaker valve 
and with the atmosphere to close Said breaker 
valve, and means controlled by said turbine for 
moving said control valve to connect said cylinder 
with said condenser. 

4. In a steam turbine having a rotor, a con 
denser, a vacuum breaker valve, and an hydrauli 
cally operated governor system for the turbine, 
the combination of an overspeed governor for 
said turbine, means controlled by said governor 
to open said breaker valve to reduce the speed 
of the turbine, and means operable by Said hy 
draulically operated governor system to close said 
vacuum breaker valve. 

5. In a steam turbine having a rotor, a con 
denser, a vacuum breaker valve, and a hydraulic 
control system for the turbine, the combination 
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of means to Open said breaker valve on a reduc 
tion of pressure in said control system, and means 
to close said valve when the pressure in said Con 
trol system is restored. 

6. In a steam turbine having a rotor, a con 
denser, a vacuum breaker valve for said condenser 
and an overspeed governor for Said turbine in 
cluding a trip rod, the combination of fluid pres 
Sure operated means for operating said breaker 
valve including a cylinder and a piston in said 
cylinder operated by differential pressure between 
atmosphere and vacuum in Said condenser, a 
control valve for connecting said cylinder with 
the condenser to open said breaker Valve and with 
the atmosphere to close said breaker valve, and 
manually resettable means controlled by Said gov 
ernor trip rod for moving said control valve to 
connect said cylinder with said condenser. 

7. In a steam turbine having a rotor, a con 
denser, a vacuum breaker valve for said con 
denser and an Overspeed governor for Said tur 
bine including a trip rod, the combination of 
fluid pressure operated means for Operating said 
breaker valve including a cylinder and a piston 
in Said cylinder operated by differential pressure 
between atmosphere and vacuum in said con 
denser, a control valve for connecting said cylin 
der with the condenser to Open Said breaker valve 
and with the atmosphere to close said breaker 
valve, and means connecting said control valve 
with said governor trip rod for moving said con 
trol valve to connect Said cylinder with said con 
denser to open said breaker valve and to connect 
said cylinder to atmosphere to close Said breaker 
Valve. 

FREDERICK L. DORNBROOK. 


